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The clinical data, echocardiographic findings, operative
anatomy and postoperative follow-up were assessed in
14 patients who had surgery for membranous supra-
valvular mitral stenosis between 1978 and 1985. The
patients ranged in age from 6 weeks to 13 years at the
time of operation, and 8 of the 14 had associated mitral
valve abnormalities. Other associated lesions included
ventricular septal defect (n =7), coarctation ofthe aorta
(n = 5), left superior vena cava (n = 6), subaortic
stenosis (n =3) and atrial septal defect (n =1). Twelve
of the 14 patients had successful removal of the supra-
valvular membrane, which was usually adherent to the
valve, and 2 patients with associated mitral valve ab-
normalities underwent mitral valve replacement. There
were no operative deaths. Review of preoperative two-
dimensional echocardiograms, which were available in
11 patients, revealed two types of membranous supra-
Since supravalvular mitral stenosis was described by Fisher
(I) in 1902, surgical repair of this condition with and without
associated lesions has been reported from a number of cen-
ters (2-8). With increasing use of two-dimensional echo-
cardiography, preoperative diagnosis has been described by
two groups of investigators (6,7). When this diagnosis is
not made preoperatively, there is usually a delay from the
onset of symptoms to operative intervention because of the
desire to achieve as much growth as possible of both the
ehild and the mitral anulus, since the likelihood of valve
replacement is high in valvular stenosis. With delay there
can be both clinical and cardiopulmonary deterioration in
patients with either isolated membranous supravalvular mi-
tral stenosis or valvular stenosis associated with a compo-
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valvular mitral stenosis in 10 patients. In four of these
patients, the membrane was only evident after repeated
stop action viewingfrom a single subcostal or paraster-
nal location. The membrane was never seen in one pa-
tient.
Eleven patients had follow-up in excessof 1 year, and
there was one late death. Eight of the remaining 10
patients are asymptomatic, and 7 have no clinical evi-
dence of residual mitral obstruction. Failure to recognize
membranous supravalvular mitral stenosis can result in
undue delay of cardiac surgery with resultant cardio-
pulmonary deterioration. Patients with evidence of left
ventricular inflow obstruction should have extensive
echocardiographic evaluation in an effort to detect mem-
branous supravalvular mitral stenosis, which may be
amenable to surgical repair.
(J Am Coil Cardiol 1986;8:159-64)
nent of obstruction localized to the supravalvular ring. A
recent encounter with this clinical situation led us to review
our experience with this condition over the last 7 years. The
purpose of this report is to present clinical, hemodynamic,
operative and follow-up data on 14 patients who had op-
erative intervention for membranous supravalvular mitral
stenosis and to attempt to clarify specific echocardiographic
findings that can facilitate early diagnosis.
Methods
Patients. The surgical records for all 14 patients who
underwent operation for membranous supravalvular mitral
stenosis from August 1978 through August 1985 were re-
viewed. The patients' clinical characteristics are shown in
Table I. The patients ranged in age from 6 weeks to 13
years at the time of operation and all had signs and symptoms
of mild to severe left ventricular inflow obstruction. Six of
the 14 were believed to have a normal mitral valve beneath
the ring on the basis of inspection at operation, and 8 of
the II patients who were followed up for more than I year
continued to be asymptomatic. Associated lesions that oe-
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160 SULLIVAN ETAL.
MEMBRANOUS SUPRAVALVULAR MITRAL STENOSIS
JACC VoL 8. No. I
July 1986:159-64
Table 1. Clinical Characteristics of 14 Patients With Membranous Supravalvular Mitral Stenosis
Age at Preop
Surgery Gradient MY at
Case (yr) (mm Hg) Surgery Other Lesions Follow-Up
I 0 .12 NA Nl 0 Asymptomatic
2 0 .5 NA Abn YSD.LSYC Died at home with
MS and MR
3 0.8 8 Nl YSD Asymptomatic
4 1.0 18 Abn YSD. SAS. Asymptomatic"
PDA
5 1.3 NA Abn Coa Symptomatic. MS
6 1.5 NA NI YSD. SAS. Asymptomatic
LSYC
7 1.5 NA NI LSYC, PAPYR Asymptomatic
8 1.8 14 Abn Coa. SAS Asymptomatic. mild
MS and SAS
9 2.5 NA Abn Coa, BAY Asymptomatic
10 2.6 14 NI DORY. YSD. Symptomatic"
LSYC
II 3.8 18 Nl Coa, YSD Asymptomatic"
12 6 .9 NA Abn 0 Asymptomatic
13 9.3 7 Abn YSD.LSYC Symptomatic. MS
14 13.0 8 Abn Coa Asymptomatic
*Postoperative follow-up less than I year. Abn = abnormal; BAY = bicuspid aortic valve; Coa =
coarctation; DORY = doubleoutlet rightventricle; LSYC = left superior venacava; MR = mitral regurgitation;
MS = mitral stenosis; MY = mitral valve; NA = not available; Nl = normal ; PAPYR = partial anomalous
pulmonary venous return; PDA = patent ductus arteriosus; Preop = preoperative; SAS = subaortic stenosis;
YSD = ventricular septal defect.
curred more than once in this group were ventricular septal
defect, subaortic stenosis, coarctation of the aorta and left
superior vena cava with drainage into the coronary sinus
(Table 1).
Investigations. A correct preoperative echocardio-
graphic diagnosis of membranous supravalvular mitral ste-
nosis was made in only 5 (45%) of the II patients who
underwent echocardiography, although all except 1 patient
were considered to have echocardiographic evidence of left
ventricular inflow obstruction at the supravalvular or mitral
valve level, or both.
Preoperative cardiac catheterization was performed in
11 patients . The angiograms were considered to reveal a
mitral valve abnormality in 10, and an additional supra-
valvular membrane was suspected from the angiograms in
3. In the remaining patient the lesion was mistaken for cor
triatriatum. The preoperative end-diastolic transmitral gra-
dient . available in seven patients , ranged from 7 to 18 mm
Hg.
Two-dimensional echocardiograms were reviewed in the
11 patients with preoperative studies. In addition to at-
tempting to detect characteristic echocardiographic patterns
for the diagnosis of membranous supravalvular mitral ste-
nosis. measurements were made of the mitral valve and
tricuspid valve anuli, aorta and pulmonary artery size just
above the valve ring and left atrial and left ventricular di-
mensions. and right atrial and right ventricular size were
subjectively assessed.
In addition , the echocardiograms of these II patients,
together with those of 7 patients of similar age with isolated
valvular mitral stenosis confirmed at operation and with
preoperati ve echocardiograms, were reviewed in a blinded
fashion by one of us. This was done to assess whether
membranous supravalvular mitral stenosis could be distin-
guished from isolated valvular mitral stenosis in a "pro-
spective" fashion in patients with clinically suspected left
ventricular inflow tract obstruction . Finally, the operative
data were reviewed for correlation with preoperative data
and subsequent follow-up.
Results
Surgery, Twelve of the 14 patients had resection of
membranous supravalvular mitral stenosis . In 9 of the 12
the membrane was partially or completely adherent to the
underlying valve leaflets. Two of the 14 patients had a
parachute mitral valve and required mitral valve replace-
ment. The mitral valve anulus was judged to be small in
all patient s before removal of the membrane. After mem-
brane removal and dilation, the valve size and anatomy were
judged to be normal in six patients. but small or abnormal
to a degree not necessitating mitral valve replacement in the
remaining six .
Echocardiography. On retrospective echocardiographic
analysis a membrane was delineated in 10 of II patients.
but was extremely difficult to detect and seen on only a few
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video frames in 4 of these. Two echocardiographic types
of membranous supravalvular mitral stenosis were seen. The
first is illustrated in Figure 1, which shows an obvious
membrane that is above the mitral valve and clearly distin-
guishable from it. Three of our patients had this echocar-
diographic appearance. The obvious separation of the mem-
brane from the valve is apparent only in diastole, with the
membrane and valve becoming indistinguishable in systole.
At times this appearance may resemble that of cor triatria-
tum, but in the latter condition the left atrial appendage is
in continuity with the distal low pressure chamber, whereas
the appendage is proximal to a supravalvular mitral ring.
The left atrial appendage is not always easy to identify by
echocardiography. Cor triatriatum may still be distin-
guished, however, by a superior recess in the distal left
Figure I. Patient 6. Modified subcostal four chamber echocar-
diographic views demonstrating separation of the supravalvular
membrane (small arrows) from the underlying mitral valve (MY)
in diastole (above) with the two structures becoming indistin-
guishable in systole (below). L = left; LA = left atrium; LY =
left ventricle; S = superior.
atrial chamber, diastolic motion of the left atrial "mem-
brane" toward the mitral valve and a double arch appearance
of the "membrane" in that condition (9).
Figures 2 to 4 show the type ofmembrane more frequently
encountered (seven patients). The membrane appeared firmly
adherent to the mitral valve leaflets and was only apparent
in isolated diastolic video frames (Fig. 2). In all patients
there were numerous video frames from parasternal long-
axis or multiple subcostal views, in which the left atrium,
mitral valve or the left ventricular inflow were clearly seen
without the membranous supravalvular stenosis being ob-
vious. This was frequently the case when frames were played
at normal speed. Only with stop framing of the mitral valve
motion could the membrane be appreciated. Whether the
valve was subsequently determined to be normal or abnor-
mal, there was doming of the mitral apparatus (Fig. 3) and
usually decreased mobility of the posterior leaflet. The mi-
tral valve leaflets also appeared to hinge at a distance from
their anular attachment in many of these patients (Fig. 4).
This apparent hinging is not a specific indicator of the pres-
ence of membranous supravalvular mitral stenosis. It is un-
usual in isolated mitral valve stenosis (10), but we have
noted a similar appearance in a patient with a double orifice
mitral valve without a supravalvular membrane.
The results of the blinded analysis to test the ability to
differentiate membranous from isolated valvular mitral ste-
nosis are illustrated in Table 2. Membranous supravalvular
mitral stenosis was correctly identified in 10 of the 11 pa-
Figure 2. Patient 14. Diastolic modified apical four chamber echo-
cardiographic view demonstrating a supravalvular mitral mem-
brane (M) which appears adherent to the mitral valve leaflets. R
= right; RA = right atrium; other abbreviations as in Figure 1.
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*One patient had a subvalvular fibrous shelf. MVS mitral valve
stenosis; SVM = supravalvularmitral membrane.
Table 2. Prospective Blinded Review of Echocardiograms of
18 Patients With Left Ventricular Inflow Obstruction Compared
With Surgical Diagnosis
valvular fibrous diaphragm limiting mitral valve excursion.
Incision of this diaphragm allowed successful mitral valve
repair, avoiding valve replacement.
The results of the measurements of the valves and great
arteries are shown in Table 3. There was obvious left atrial
enlargement in all patients with an increased left atrium/aorta
ratio ranging from 1.3 to 2.8. The youngest patient in the
series had minimal left atrial enlargement due to a large
secundum atrial septal defect and an associated large left to
right shunt. In addition, the majority of patients had right
ventricular and right atrial enlargement by qualitative as-
sessment. The ratio of mitral to tricuspid anular dimension
varied from 0.38 to 0.90. The aorta was normal to slightly
decreased in size in all patients and the pulmonary artery
was normal to mildly increased with the pulmonary ar-
tery/aorta ratio consequently normal to slightly increased.
Left ventricular dimension was in the broad range of normal
in all but one patient, in whom the ventricular septum bulged
into the left ventricular cavity in association with a large
atrial septal defect and pulmonary hypertension.
3*
10
SVM ± MVS
Echocardiography
4
I
MVS OnlySurgery
MVS only
SVM ± MVS
tients with this condition. It was incorrectly diagnosed in
three of the seven patients with isolated valvular mitral
stenosis. In one of these three patients, there was a sub-
Figure 3. Patient 7. Modified apical long-axis echocardiographic
view in diastole showing doming of the mitral apparatus (pairs of
small arrows) below a supravalvular membrane (m). Ao = aorta;
laa = left atrial appendage; other abbreviations as in Figures I
and 2.
Figure 4. Patient 3. Subcostal echocardiographic view in diastole
showing apparent "hinging" of the mitral valve leaflets at a dis-
tance from the anulus because of the presence of an adherent
supravalvular mitral membrane (m). Abbreviations as in previous
figures.
Discussion
Although membranous supravalvular mitral stenosis has
been described echocardiographically, data on only eight
Table 3. Dimension Measurements From Preoperative
Echocardiograms in II Patients
MV/TV LA/Ao PAiAo
Case Ratio Ratio Ratio RV RA
I 0.41 1.6 1.4 ++ ++
2 0.38 2.5 1.3 + +
3 0.63 2.3 1.0 + NI
4 0.60 2.0 1.2 + NI
5 0.7\ 1.5 1.3 + Nl
6 0.90 1.4 0.9 NI Nl
7 0.65 1.3 1.1 + +
9 0.50 2.8 1.5 ++ +
II 0.77 2.1 1.4 ++ ++
12 0.84 1.6 1.1 ++ ++
14 0.59 1.9 1.0 + +
Ao = aorta; LA = left atrium; PA = pulmonary artery; RA = right
atrium; RV = right ventricle;TV = tricuspid valve; + = mild enlarge-
ment; + + = severe enlargement; other abbreviations as in Table I.
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patients have been reported (6,7) . In each of these reports,
it was unclear whether prospective preoperative diagnosis
of this abnormality was made in all patients.
Echocardiographic diagnosis. The prospective echo-
cardiographic diagnosis of membranous supravalvular mi-
tral stenosis is difficult. The presence of a membrane was
diagnosed preoperatively in only 45% of the patients in this
series using this technique. Retrospecti vc echocardiographic
analysis demonstrated that diagnosis of the presence of a
membrane waspossible in the majority because it was achieved
in 91%. However, the nature of our patient selection, which
required surgical confirmation of the presence of a mem-
brane, may have biased the sample toward cases in which
a membrane could be more easily detected by echocardi-
ography. Recognition of the membrane was easier when
there was clear separation between the membrane and the
mitral valve leaflets (type I), but was more difficult when
the membrane was apparently adherent to the mitral valve
leaflets in systole and diastole (type 2) . In four patients with
the latter type the membrane could be seen only in stop
frame video images.
Differentiation from mitral valve stenosis. Prospective
echocardiographic differentiation between membranous su-
pravalvular mitral stenosis and isolated mitral valve stenosis
is more difficult. Although the majority of patients (91%)
with membranous supravalvular mitral stenosis were cor-
rectly identified on blind echocardiographic review, the con-
dition was erroneously diagnosed in three patients . The pres-
ence of a subvalvular diaphragm led to this incorrect diagnosis
in one patient. The echocardiograms reviewed included those
from the beginning of our experience with two-dimensional
echocardiography. We believe that with better appreciation
of the echocardiographic features of membranous supra-
valvular mitral stenosis and improved images in multiple
projections, the diagnosis can be obtained in most patients.
However, the technical limitations of visualizing a mem-
brane that is usually less than I mm thick and that lies very
close to, or is adherent to, the mitral valve continue to limit
the possibility of prospective diagnosis.
The association ofa left superior vena cava draining into
the coronary sinus with membranous supravalvular mitral
stenosis in 6 of the 14 patients was an intriguing finding .
The reason for this association is unclear, but may be related
to abnormal fetal flow patterns into the left ventricle in
patients with a prominent coronary sinus .
Surgical indications. Although more than half of the
patients in this series had an abnormal mitral valve in as-
sociation with membranous supravalvular mitral stenosis,
only two patients , both with a parachute mitral valve, re-
quired mitral valve replacement in addition to resection of
the membrane. Thus, this entity is a potentially treatable
cause of left ventricular inflow obstruction in many patients
and should be diagnosed at an early date. Surgery should
be pcrfonned without delay in those patients with clinical
findings of pulmonary edema and pulmonary hypertension.
There is a tendency for cardiologists to delay submitting
patients to mitral valve surgery because of the common need
for valve replacement with congenital mitral stenosis. Our
data indicate that a significant number of patients have pre-
dominantly or solely membranous supravalvular mitral ste-
nosis, which can be effectively treated with early surgical
intervention with follow-up consistent with excellent relief
of left ventricular inflow obstruction .
We suggest that any patient presenting with suspected
left ventricular inflow obstruction without an obvious ana-
tomic cause should have extensive echocardiographic eval-
uation with multiple subcostal and precordial views in an
attempt to determine the presence or absence of membranous
supravalvular mitral stenosis. Reviewing images in stop ac-
tion may be helpful in delineating this lesion. Doppler echo-
cardiographic evaluation of mitral valve inflow (0), which
was available only in the last two patients in this study, also
may be helpful in this setting to characterize gradients across
the valve or supravalvular region . It is unlikely that invasive
investigation will further clarify the nature of the mitral
obstruction. Lynch et al. (3) were able to diagnose a su-
pravalvular ring in a single patient by analyzing the pressure
trace on withdrawal from the left ventricule to the left atrium,
but it is likely that the supravalvular ring was unusually
high above the mitral valve in their patient, because such
withdrawal traces are generally uninformative.
Angiocardiography may suggest, but certainly does not
prove, the diagnosis of membranous supravalvular mitral
stenosis (8). Exploratory surgery may be warranted in se-
lected patients without a definitive preoperative diagnosis
if there is suggestive evidence of membranous obstruction,
either isolated or associated with valvular obstruction. One
then risks the possibility of operating on a patient with a
diagnosis of membranous supravalvular stenosis and finding
mitral valve stenosis. Our present policy of early operation
when the appearances suggest supravalvular stenosis is based
on the assumption that the possible benefit of such an op-
eration outweighs this risk.
We thank F. J. Macartney, MD for his critical review of the manuscript.
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